Abstract: More than half of the land in the United
Introduction
We repeatedly have been asked how we gained permission to conduct biological field research on so many privately owned parcels of land when some of our work was politically and socially sensitive. It seems that other conservation biologists have wanted to conduct research on private land but either failed to obtain permission or were so daunted by the process that they did not try. Little published information on the topic exists, and there is a need for guidelines on how to successfully conduct field research on land under private ownership. Here we (1) establish the importance of working on private lands, (2) quantify the number of field studies conducted on private property based on a sample of recently published conservation biology literature, (3) review two case studies that demonstrate successes and failures, and (4) describe steps to successfully conducting research on private land.
Why Work on Private Lands
Approximately 60% of the United States is privately owned. If Alaska is not included, the proportion increases to 71% (National Wilderness Institute and U.S. Bureau of the Census 1995). In some regions, the proportion of privately owned land is much higher, such as in Sonoma County, California, where 94.4% falls under private ownership (Fire and Resource Assessment Program 1995) . Existing literature recognizes the importance of these private lands for conserving biodiversity in the future. A plethora of documents focuses on the importance of these lands and how to conserve private lands through conservation easements and other incentives (e.g., Brenneman & Bates 1984; Endicott 1993; Wright 1994; Huntsinger & Hopkinson 1996; Bowers 1999; Main et al. 1999; Kautz & Cox 2001) .
Although there are exceptions, private lands tend to be more productive, better watered, and higher in soil quality than public land (Scott et al. 2001) . Inadequate research on privately owned parcels results in an information bias toward a restricted set of community types and may mean failure in our pursuit to understand important conservation issues. For example, California oak woodlands harbor a large amount of California's biodiversity, and a high proportion of the oak woodlands is privately owned (Bolsinger 1988; Greenwood et al. 1993) . Failure to study the oak woodland system and to address projected changes in land use could greatly affect biodiversity conservation in California (Huntsinger 1992; Barnhart et al. 1995; Merenlender et al. 1998; Heaton & Merenlender 2000) .
Another pitfall of not conducting research on private land is the potential, particularly in landscape-scale studies, for unrepresentative sampling. Because public lands may not parallel the biodiversity and productivity of private lands, sampling only public lands across a landscape in search of a trend could lead to erroneous conclusions. For example, early Northern Spotted Owl ( Strix occidentalis ) studies in Oregon on public land suggest that spotted owls are old-growth dependent and that their primary food source is flying squirrels ( Glaucomys sabrinus ) (Doak 1989; Ripple et al. 1991; Carey et al. 1992) . Later research in more productive, privately owned redwood forests along California's north coast reveals that spotted owls exist at higher densities, occupy young seral habitats, and primarily eat dusky-footed woodrats ( Neotoma fuscipes ) that do well in young stands (Diller & Thome 1999; Folliard et al. 2000) .
A third problem resulting from lack of research on private lands is inadequate information to direct management of biodiversity and endangered species. At least some habitat for 95% of all federally threatened and endangered flora and fauna falls on private land, and 262 (19%) of these species survive only on private parcels (Wilcove et al. 1996) . For 51% of the species occurring only on private land, the U.S. Fish and Wildlife Service defines their status as unknown, and extinction rates for poorly studied taxa are higher than for well-studied taxa (Wilcove et al. 1996; McKinney 1999) .
Dearth of Conservation Studies on Private Lands
We quantified the number of recent studies conducted on (1) public and private protected areas, including nonprofit preserves that generally facilitate research, and (2) private or communal land. Hereafter, we refer to the two categories as public or private, respectively. We limited our review to terrestrial biological studies that had a field-research component and were published from 1997-2000 in Conservation Biology and Biological Conservation . Thus, we did not include field interviews, but we did count genetic studies wherein genetic materials were collected from wild populations. We also included telemetry studies and road surveys that obtained fieldbased information from private land without having to secure access. Most studies that included both public and private sites used fewer private sites than public, so we may have underestimated the proportional difference between actual public and private sites accessed for research. When the manuscript did not clearly differentiate between categories, we attempted to contact authors. Approximately 19% out of 651 contributed papers that fit our criteria could not be categorized because of a lack of information about the field sites used; these papers were discarded from further analysis.
Only 27% (145 out of 528) of the studies we reviewed were conducted with at least one site on private land, whereas almost 73% of all categorized studies were conducted at least in part on public land. Fear on behalf of the landowners, lack of appreciation for the importance of private land by the research community, constraints on the collection and distribution of data, and lack of methods to increase access to private parcels could all contribute to the observed disparity between the number of studies conducted on public and private land. Given the differences between public and private lands and the fact that most research occurs on public lands, increased research on private lands is important to gaining an understanding of the land types and biodiversity found on primarily private lands.
Case Studies from the Oak Woodland of Northwest California
More than 80% of California's oak woodlands are in private ownership (Bolsinger 1988; Greenwood et al. 1993) . As conservation biologists working in these systems, we often find it necessary to access private property to collect field data. Two case studies from our work provide lessons on how to access and conduct research on private lands.
In 1996 we began monitoring the effects on biodiversity of subdividing private property in woodlands, herein referred to as the "residential project." We explored the differences in biodiversity and vegetation structure among large, undeveloped private parcels, ranchettes, and suburban properties. To collect the data with minimal impact on the site, we relied on passive sampling methods at multiple points across each of 12 woodland properties (Merenlender et al. 1998 ).
More recently, we established a study to determine wildlife use of remnant riparian corridors adjacent to vineyards, herein referred to as the "corridor project." When we initiated this project, the management of riparian areas was an especially sensitive issue because of proposed Sonoma County ordinances requiring wider stream setbacks. Nonetheless, we accessed 22 private and 4 public properties to assess wildlife use of riparian corridors. We used unbaited, remotely triggered cameras, which diminished concerns expressed by some landowners about animal handling and that had to be checked only weekly instead of every other day as required with baited units (Hilty & Merenlender 2000; Hilty 2001 ).
Site Selection
We used digital orthophotos, U.S. Census Bureau data, state vegetation classification maps, and local agriculture maps to examine topography, land cover, land use, and ownership size patterns for both projects. Arc/Info Geographic Information Systems (GIS; Environmental Systems Research Institute, Redlands, California) was used to identify parcels that met required landscape characteristics such as similar slope, aspect, elevation, and vegetation cover. All parcels within the appropriate physiographically defined region for each study were selected, and owner contact information was obtained from the Sonoma County Assessor's Office.
Contacting Landowners
In the residential study, we sent letters signed by the principal investigator to the landowners of the selected parcels that met our study criteria. After an initially poor rate of return, we made contact with a few landowners through intermediaries and gained access to a sufficient number of properties to conduct the study. In the end, 15 out of 62 landowners directly contacted by us and all 3 landowners contacted by someone familiar to them gave us permission to include their land in our study.
We used the lessons we learned from the residential study about accessing private land in the corridor study to approach landowners and gain access to private land. We obtained a letter of support for our project from a University of California cooperative extension advisor, who worked closely with many vineyard owners we needed to contact. Local nongovernmental organizations helped by contacting some landowners directly and recommending other landowners who would likely support such research. The local vineyard growers association also helped identify potentially supportive landowners. Finally, two community members active in the local resource conservation community directly contacted their friends that owned land of interest, and one of the individuals wrote a letter of support that was sent to other property owners. For those not contacted by others, we wrote brief letters and enclosed the letters of support. For owners who had liability concerns, we also sent documentation from our university providing proof of insurance held by the university.
Through this process, we gained access to 25 parcels. Twenty-six landowners were identified by local organizations as likely to be supportive, and 18 of these landowners agreed to participate. Five additional landowners provided access after they were contacted directly by individuals known to them. Only 2 out of 11 unknown landowners that we contacted directly with letters of support agreed to allow us access to their property.
We had the most success when organizations or individuals known to the landowners contacted landowners first, and we had good success when we sent letters with enclosures from such organizations and individuals to landowners. Contacting individuals with no form of introduction produced the lowest success rates.
Maintaining Relationships
Both studies were ongoing for several years, requiring continued contact with the landowners to ensure repeated access to private properties. By its nature, a study on private land is a partnership between the researcher and landowner(s), and sharing progress reports and information strengthens collaboration and communication. For the residential study, we provided GIS maps of the property that noted where data were and that provided companion species lists for the flora and fauna recorded at the site. For the corridor study, we sent multiple mailings to landowners with animal photos and generalized results. Eleven landowners supporting the corridor study went out of their way to respond to the materials, all with appreciation. Of those 11, 7 created some sort of display to share the results with visitors, friends, and relations. One landowner went so far as to write and publish an article about the research in a local newspaper.
In addition to communicating directly with landowners, we presented the results to local communities by giving presentations to community groups and local organizations. For the corridor study, our results and talks helped support community efforts to conserve a wildlife corridor in their region. One landowner requested copies of the detailed biological information collected on her property because she was interested in obtaining a conservation easement on the property. Another landowner wanted to use the data as baseline information for a creek-restoration project.
Constraints
We have faced a number of difficulties working on private lands. The transfer of properties has been a problem. One creek corridor site where we were denied access was soon sold to a developer, and we suspect that the pending sale of the land was the reason we were denied access. Another property we worked on for the residential project was sold. The original owner assured us that they would ask the new owners to continue to let us access the site, but the new owner intended to convert a substantial amount of the native vegetation into vineyard, changing the characteristics of the site. Another inconvenience made us keenly aware of strong sentiments concerning trespassers. On several occasions, neighbors, uninformed family, and police who were suspicious of our activities detained us, despite the fact that we had permission to be on the property.
Steps to Working Successfully on Private Land
Setting up a successful research project on private land requires project planning, including careful site and methods selection, prudent introductions to landowners, and maintenance of relationships throughout the research effort.
Research Design
When research is to be conducted on private lands, the research design should be chosen with consideration of the needs and concerns of the landowner. Landowners may be more hesitant about experimental designs that require frequent or extended visits or high levels of site manipulation. Studies requiring few visits and little time spent on each private parcel facilitate relations with landowners. Although many authors extol the benefits of power analysis to conservation science (e.g., Gerrodette 1987; Osenberg et al. 1994; Zielinski & Stauffer 1996) , its use in private-lands research is essential to assure the minimal number of visits to a private property while still allowing enough data to be collected to reveal trend differences between treatments. It also may be useful to minimize effects on or manipulations of the habitat, flora, or fauna.
Constraints on research design may ultimately determine whether or not a study can be successfully conducted on private lands. If a design is unpalatable to landowners, the investigators will have to decide how much it can be modified and still be effective. For example, studies that require a random-sampling design may present problems if the rejection rate for land access is high or biased in some way. Including the rejection rate in the methods section or appropriately adjusting the scope of inference could help remediate this problem. Given the limitations of research design, researchers may conclude that their work cannot be successfully conducted on private lands.
Site Selection
A number of resources can help identify potential research sites on privately owned land. Geographic information systems can be used to narrow the pool of potential sites on the basis of landscape-level criteria without requiring visits to individual properties. Also, lot-line information is available in GIS format in many regions and can help in the identification of particular parcels that satisfy the selection criteria. Additionally, both governmental and nongovernmental local resource-oriented organizations may have useful maps, aerial photographs, or baseline information.
Some landowners probably will not provide access to their property. Interrelated factors that may indicate an increased or decreased probability of a landowner being receptive include property size, average income, past experience with agencies or researchers, education level, political affiliations, and geographic location. In rural communities, for example, an individual's interest in and knowledge of biodiversity may be predicted on the basis of membership in hunting and environmental organizations, age, and education level (Clements 1996; Macdonald & Johnson 2000) . Another factor that may influence access to land is whether the land might be, is about to be, or has been sold. If the targeted landowners have characteristics that make them less likely to support research or if the research is politically or otherwise sensitive, it is critical to identify more sites than needed so that the project can be conducted despite a number of responses denying access.
Field visits should be made to all properties where permission to work has been granted to assess whether site characteristics meet research specifications. If a site does not meet the investigator's criteria and is not used in the study, enthusiastic landowners may be disappointed. Explaining why the site cannot be included and sending that landowner project updates encourages their enthusiasm and thanks them for being willing to participate.
Contacting Landowners
The results of our efforts indicate that the way landowners are contacted greatly influences whether or not they choose to support research on their land. The ideal way to gain permission is to establish partnerships with individuals and organizations that already know landowners and have an established level of trust with them (Graziano 1993). When research is initiated in a new region, it is useful to contact local organizations such as the county cooperative extension and government agencies that are nonregulatory and therefore may be particularly helpful (Huntsinger et al. 1997) . Also, local agricultural and natural-resource conservation organizations such as watershed groups or grower associations could be useful. Attending homeowner associations meetings could be helpful in developed areas. These contacts can point out local concerns and interests. Additionally, if representatives of local organizations contact landowners about the research before the investigator does, access to sites is much more likely. Landowners that commit support can help by contacting other landowners with whom they are friends.
Landowners not contacted directly by an individual or organization should be sent a letter of request along with one or more letters of support from individuals known in the community. The request letter from the researcher should be brief, general, and addressed to a lay audience. It also should be honest and positive, emphasizing the attempt to learn about natural resources in general. Value-laden or politically charged terms should be avoided because they are often related to local issues and experiences. Effort by researchers to learn about these issues and terms is important. Explicitly stating connections to topics that might be of interest to the landowner could be helpful too. Follow-up calls with all landowners should be made within a short time to ensure a response.
Communications by researchers should be made with an awareness of concerns landowners might have, such as liability and property damage, that can be addressed with a letter from the research institution disclosing insurance information. Discussing or reporting a code or any other legal violation upon gaining access to a private property is an instant way to lose trust and a potential longterm research site. Many landowners are concerned about land-use rights and often feel overregulated (Huntsinger et al. 1997 ). This issue can be manifested in concerns that researchers might find threatened and endangered species on their land that might limit future land-use plans. Establishment of trust and cooperation may dissipate many landowner concerns.
Maintaining a Working Relationship
Maintaining partnerships with supportive individuals and organizations throughout the community is important. In our experience, some of the most meaningful interactions have been the discussions that occurred each time the researchers called or visited the landowners before entering the field sites. These interactions provide an opportunity to talk about the study in general and to hear the perspectives, interests, and concerns of the landowners, many of whom have useful information or insights. Additionally, mailings presented in a lay form that include preliminary results, photographs, notes of thanks, species lists, maps, or pamphlets about related workshops help maintain friendly relations and keep landowners informed and interested. Placards on cars or research vests, or other outward signs that clearly identify the research and goals, may minimize suspicion and facilitate introductions to family and neighbors who may encounter the researchers. Upon conclusion of the research, mailings with thank-you notes and a summary of research results show respect for landowner support and interest. Maintaining good relations is important not only for current research but also for future potential research because disgruntled landowners may be less likely to support research in years to come.
Although keeping good relations with landowners and the community is necessary for research, it is also an opportunity for outreach and conservation education. In terms of conservation, landowner involvement allows the worth of the research to extend beyond its intrinsic value. In our experience, landowners become excited about the biodiversity on their land, take pride in it, and help communicate the results to a much larger group within the community than would otherwise be accessible. Perhaps the ultimate way to engage landowners is to follow Holland's (2000) example and name a new species after the landowner. Outreach also happens naturally through collaboration with local scientists, resourceoriented organizations, and community-education efforts such as cooperative extension programs. Providing research results to local educators and organizations ensures that results reach beyond peer-reviewed journals to applied management (Graziano 1993) . Such interactions can ultimately enhance management by bridging the gap between the theory and application of resource management strategies.
Constraints
Researchers may face a number of difficulties in conducting research on private lands. One challenge is constraints that may be placed on a researcher's ability to disseminate information freely. Establishing a clear understanding about confidentiality, where the data will be disseminated, and what it will be used for is important. Conservation biologists in general are faced with the challenge of providing information in such a way as to include rather than exclude as many individuals as possible. In some cases, researchers working on private lands may be able to present and publish the results in several outlets. For example, by using more politically sensitive language, the results can be aimed at local audiences, ad-dress locally sensitive issues, and serve as conservation education in local newsletters and newspapers. Moredetailed results and clear causal relationships can be published in peer-reviewed journals.
Another difficulty of working on private land is that long-term research may be impossible. Because land uses change and property is sold, continuing participation of the landowner cannot be guaranteed (e.g., Huntsinger et al. 1997 ). This emphasizes the need to increase the number of ecological research stations and university-owned field stations, given the importance of longterm ecological studies (Heise & Merenlender 2002) . Most conservation science projects are done in Ͻ 5 years (Dobson & Lyles 1989) , however, and can be suitably designed for private lands. More research on private lands would result in much-needed information about biodiversity, allow more representative sampling, and increase communication and cooperation between researchers, local institutions, and private landowners.
